region often fell as low as 6 inches. Amount of destruction and the extreme test experienced by the survivors may be understood when it is known that many excellent ranges with 65 to 90 per cent basal cover have been reduced usually to a scant cover ranging between 20 and 1 per cent (figs. 1, 2, and 3).
Death among the perennial forb population was so widespread during the initial severe period or similar recurring ones that today only scattered individuals of six or eight species regularly occur. By practically eliminating species least fitted to. endure hardships and by wide spacing of those best adapted, the grassland has adjusted itself to the new environment imposed upon it. Even widely spaced survivors have barely the necessary amount of soil moisture for their existence. Such an ecological process parallels in a general way that of the human population. Extensive abandonment of ranches and emigrations of settlers have been followed by xvider spacings and larger holdings of the remaining population, most of whom have learned by long experience how to endure the hardships of drought.
CAUSES OF DAMAGE TO THE RANGE
Although the ranges have been depleted in stand, vigor, and carrying capacity as a result of the great drought, damage has not been due to intense heat and desiccation alone. Overgrazing and untimely pasturing of many ranges before this great catastrophe subjected them to the onslaught of desiccation in a much weakened condition. Moreover, during this long period of adversity much pasture land has literally been stripped of the last vestige of vegetation by hungry stock and grasshoppers. Despite these adversities, extensive areas throughout the range country would have survived with only moderate losses had it not been for partial or complete burial by dust, or for injury by wind erosion and attending disastrous consequences. Damage to grassland has been enormously increased as a consequence of injudicious breaking and unwise tilling of enormous stretches of range lands. As stated by Newport ('37) for the southwestern Great Plains:
Recent years of agricultural expansion destroyed vast areas of native sod. The depression which followed, coupled with severe droughts, frequently resulted in indifferent farming or outright abandonment. The bare, unprotected soil was readily moved by the preying winds. Overgrazing joined with drought and was aided in the erosional process by the abandonment of neighboring fields. Depletion of land, often complete denudation was the result. FIG Pastures were sometimes listed in order to check the removal of blowing soil. This usually held the soil on the field and promoted an excellent growth of annual weeds but practically destroyed the native plants. So thoroughly did the soil deposits from fields and the subsequent drifting destroy the vegetation, that after the roots and rhizomes decayed, wheat was drilled on the one-time range without further preparation of a seedbed. Some of the greatest losses to ranges by dust burial probably occurred in and adjacent to the Panhandle of Oklahoma, which with considerable areas in the four adjoining states is designated as the dust bowl. This resulted from a combination of factors, one of which was the large amount of tilled land that furnished an unlimited amount of wind-blown soil. But similar damage was found throughout western Kansas and Nebraska, and in Wyoming, as well as throughout eastern Colorado. It is a very general rather than a local phenomenon and is apt to recur wherever unprotected, droughtparched soil adjacent to grassland is subjected to high winds (figs. 13 and 14). The opening up of the plant cover and the abundance of bare soil permitted the growth of hordes of short-lived annuals, some of which were so thickly placed as to quite obscure the remaining grasses. Among the most persistent and widely distributed were Lepidium densiflorum, Lappula occidentalis, Hordeum pusillum, Plantago purshii, P. spinulosa, Monolepis nuttalliania, and Cryptantha crcassisepala. But they were soon overtaken by drought, their dead remains giving the dull leaden gray or, later, black color to the landscape.
Sometimes the pastures were reddened after a period of showers by a thick growth of Portulaca oleracea. More frequently they varied through several shades of green, depending upon the direction of the incident light, and finally to black as the ubiquitous Russian thistles pro- . 18 ). Here many species reproduce unharmed. Snow accumulates, and runoff water is dammed back until it enters the soil. The seedling grasses and forbs grow in partial shade and evaporation from the soil surface is much reduced. Where the cactus plants merge, such havens may extend several yards, often at right angles to the slope, and thus afford considerable areas for seed production by grasses and forbs. Buffalo grass is less likely to thrive, because of its unfavorable reaction to shade and the accumulated debris.
PASTURE OR FIELD
So great has been the disturbance to the grassland and so regularly have ruderals taken possession that it is frequently difficult to determine, except by close study, whether or not the land has been tilled. The landscape in summer for miles about is often one of Russian thistles in field and pasture ( figs. 19, 20, and  21) .
Reconstruction of the original cover from the dead remains is an interesting task. The fragments of rootstocks, the bits of stolons, the strong taproots of forbs, and even the grass roots themselves, together with comparison of adjacent more protected areas, make identification certain. Whether the dusting is recent or occurred during the earlier years of drought cani often be determined. Previous knowledge of the area when vegetation was intact, and study during the several processes of deposit and denudation, as has been the opportunity of the writers, lends certainty to the exactness of sequence.
DEGREE OF DETERIORATION
Drought damage to grasslands in true prairie can readily be determined, since many areas of variable size, often 80 to 160 acres or more, are kept for the production of hay, and stock is excluded (Weaver, Stoddart, and Noll, '35; Weaver and Albertson, '36 and '39). This, however, is not the practice in the mixed prairie, except on the extreme eastern edge, and on low lands unusually favored by run-in water. Practically all grassland is grazed, at least during drought. Hence, the present study is one of pastures and ranges.
A total of 88 well spaced, typical areas on non-sandy lands in the six states were carefully examined and basal cover determined. According to the amount of remaining cover of range grasses, they have been separated into five groups. even from the widely spaced, drought relicts and some viable seed has been harvested. Such is the adaptation to life in the arid midwest.
Most pastures still contain sufficient grasses to provide a nucleus for rapid recovery under favorable climatic conditions (Savage, '37; Savage and Runyon, '37). Sand dropseed and side-oats grama, both prolific seeders, are widely scattered through this semiarid region. Many ranges, however, are so badly denuded that several favorable growing seasons will be required for them to develop a cover of good forage plants. The extremes approach abandoned, tilled fields where many believe 10 to 40 years is the necessary interval of time for the reestablishment of the climax (Clements and Chaney, '36).
Despite the arid summer of 1939, some pastures were found where surface moisture had been sufficient to promote the growth of abundant seedlings (figs. 24, 25, and 26). On bared areas, competition for water is less severe, unless weed infestations are very heavy, than in stabilized grassland. In fact, a moderate growth of taller cover is distinctly helpful in reseeding ranges. Abandoned lands are ordinarily prepared for grass seedlings by a previous crop of Sudan grass or other protective cover of an annual. This is mowed high to promote tillering but especially to prevent its forming seeds, later to develop seedlings which would compete with the young grasses for the precious water. The dead stubble and debris furnish protection from direct insolation, decrease evaporation, stabilize the soil by lessening the force of the wind in addition to increasing the supply of nutrients. A moderate growth of weeds in pastures and ranges has similar beneficial effects. I f the tops of Russian thistles are mowed, the plants persist for a long time and do not so readily become detached from the soil and blow away (Savage, '39; Watson, '39).
During the period of drought certain mid grasses, notably side-oats grama and sand dropseed, have increased enormously in the eastern border of mixed prairie. Of the two most common short grasses of this association, blue grama is the more drought resistant but the slowest to reclaim the territory of which it has been deprived. Its sole method of propagation, aside from the very slow one of tiller production and short rhizome-like stem bases, is by reseeding. Buffalo grass, when conditions are favorable to growth, spreads rapidly and widely. Hence many grama-buffalo grass ranges have been transformed into pastures of nearly pure buffalo grass ( fig. 27 ). On the other hand, this species has often greatly decreased in proportion to grama grass, and in many pastures has almost entirely disappeared.
The drying and rejuvenation of short grasses are of regular occurrence even during normal years. In drought-dormancy the color assumed varies from that of freshly ripened straw to tan, and then to shades of brown. But in death the characteristic bluish-gray or dark drab color is revealed. In many of the ranges during late summer of 1939, the vegetation crackled like straw when tread upon or crunched like dry snow. By brushing even lightly with the hand, the shriveled tops could easily be crumbled away. Close inspection showed that a few green shoots spaced well apart remained imbedded in the dried crowns. These are the sparks of life that still remain despite the drought in some areas practically without effective rainfall for an entire growing season. But the dark colored, tinder dry, shriveled tufts in some pastures gave no such sign of life, in fact life seemed extinct. Much depends upon autumnal rainfall. Although the writers know well the almost incredible ability of these range grasses to regenerate after drought, yet it seems that soil moisture before winter is not only needed but is in many places imperative to survival. Without such rains even further increases in range deterioration are inevitable. Extremely poor conditions varied with the better ones throughout. The bare soil during periods with moisture is populated with annual weeds, chief of which is Russian thistle. In many places it is only with difficulty that one can distinguish denuded pastures from weedy, tilled land. Cacti have increased greatly almost everywhere and constitute a serious problem.
Because of the low precipitation of 
